The objective of this study was to evaluate the efficiency and rapidity of the Pettenkofer and Titulation methods in the determination of respiratory activity and its relation with the vigor of habanero pepper seeds. For this, six lots of habanero pepper seeds were evaluated for respiratory activity, through Pettenkofer and Titulation physicochemical methods, and for physiological quality via tests of germination, first germination count, germination speed index, emergence, initial stand, emergence speed index and electrical conductivity. Biochemical analyzes were also carried out using the electrophoresis of the esterase (EC 3.1.1.1.) and alcohol dehydrogenase (EC 1.1.1.2.), and the quantification of the endo-β-mannanase enzyme (EC 3.2.1.78). The tests of physiological quality and the respiratory activity of the seeds allowed the classification of the habanero pepper seed lots at different vigor levels. There was a correlation between the respiratory activity with the tests used to evaluate the physiological quality of the seeds and with the endo-β-mannanase enzyme. It is concluded that the Pettenkofer and Titulation methods are promising for the evaluation of the deterioration level and the discrimination of lots of habanero pepper seeds with different vigor levels.
Introduction
In order to evaluate the physiological quality of seed lots, several tests may be used. The germination test conducted in optimal conditions (temperature, water availability and oxygen) is officially used to evaluate the physiological potential of the seed lots (Brasil, 2009 ). However, it does not reveal the seeds behavior under field conditions and still does not detect quality differences between lots with high and similar germination pattern (Marcos Filho, 2015) . Therefore, it is relevant to study the vigor of seeds and evaluate them. Thus, vigor tests have been developed with the objective of identifying possible differences in the physiological potential of seed lots and that present characteristics such as simplicity, speed, objectivity and reproducibility, providing complementary information to those obtained in the germination test (Marcos Filho, 2015) .
The determination of respiratory activity was reported in some agricultural crops. Papers using the Pettenkofer method in soybean and rice seeds (Mendes et al., 2009 ) and the titration method (Crispin et al., 1994) have shown that the determination of respiratory activity has been proposed as a promising test to evaluate vigor, since in the deterioration process one of the initial events is the rapid increase in respiration rate (Guimarães, 1999) .
Similar studies were conducted with Zea mays L. , Eruca sativa L. (Torres et al., 2016) , Triticum sativum L. (Dode et al., 2016) , Citrullus lanatus [Thunb.] Matsum and Nakai (Oliveira et al., 2015) among others, proving the efficiency of the methods in differentiating lots with different vigor levels. However, information about its application in pepper seeds with different levels of vigor and associated to the expression of enzymes has not yet been well studied.
Due to the growing cultivation of peppers in Brazil, there was an increase in demand for high quality seeds. In this sense, it is important to implement a quality control program from production till commercialization. One of the demands in these quality control programs is the definition of rapid tests to determine the vigor of seed lots (Santos et al., 2015) .
It is worth mentioning that in addition to the rapid tests for vigor determination, the study of the enzymatic processes is another way of evaluating seed quality . Among the most researched enzymes as markers of physiological quality are those that act in the respiration process, such as alcoholdehydrogenase, enzymes involved in the metabolism of nitrogen-carbon binding (essential in the process of seeds germination). Or even those with specific functions in the metabolism of lipids, as the esterases, which are also linked to the destructuring of the membrane system and also endo-β-mannanase, a type of cell wall degrading enzyme that plays various roles in different developmental events.
In this context, the objective of this study was to evaluate the efficiency and rapidity of the Pettenkofer and Titulation methods in determining the respiratory activity and its relation with the vigor of habanero pepper seeds (Capsicum chinenses).
Material and Methods
Six lots of habanero pepper seeds (Capsicum chinenses Jacquin) were used. The seeds were submitted to the following tests and determinations:
The water content of the seeds was determined by the oven method at 105 ºC for 24 h, using two subsamples for each treatment, according to the Rules for Seed Analysis-RAS (Brasil, 2009) . The results were expressed as percentage.
The germination test was performed with four replications of 50 seeds sown on two sheets of blotting paper, moistened with water in the ratio of three times the weight of the dry substrate, in gerbox plastic boxes. These were kept in B.O.D germination chambers under alternating temperature and light conditions, being 20 °C/16 h in the dark and 30 °C/8 h in the presence of light. The counts were made at 7 and 14 days after sowing (Brasil, 2009 ) and the results expressed as percentage of normal seedlings. The first count and germination speed index (GSI) tests were conducted together with the germination test; for the first count, the normal seedling percentages were recorded at seven days after sowing, as prescribed in the RAS, and for the GSI were carried out daily readings of the number of normal seedlings.
For the emergence, were used four replications of 50 seeds distributed in multicellular trays of polystyrene with separate cells containing commercial substrate. The trays were kept in a greenhouse equipped with an intermittent misting system, at a temperature from 25 to 30 °C. Daily evaluations were carried out from the beginning of the emergence of seedlings, counting the number of emerged seedlings until the stabilization of the stand. It was computed the number of normal seedlings at the beginning of the emergence to calculate the initial stand and at 30 days for the calculation of the emergence percentage. For the calculation of the emergence speed index (ESI), according to Maguire (1962) , were performed daily readings of the number of seedlings with the cotyledonary leaves above the ground.
The electrical conductivity test was conducted in the mass system with four replications of 50 seeds. They were weighted with the accuracy of two decimal places, and then placed in disposable plastic cups with 25 mL of distilled water. After 24 h of soaking at 25 °C, the electrical conductivity was determined using a conductivity meter with results that were expressed in μS cm -1 g -1
, according to the method described by Panobianco & Marcos Filho (1998) .
The titulation method for the conduction of the respiration test was composed of transparent plastic gerbox type boxes, containing tray of thin netting, used as support for the seeds. At the bottom of each gerbox were placed 40 mL of KOH solution at 0.1N. To avoid gas exchange with the medium, each gerbox was sealed with PVC film. Each one of the four replications of 50 seeds was placed on the netting containing a sheet of blotting paper moistened twice of its dry weight. The gearboxes were kept in a germinating chamber, B.O.D. type, for a period of 24 h at a constant temperature of 25 °C.
After this period, a 25 mL sample of the KOH solution, per replication, received drops of phenolphthalein color dye and titrated with HCl at 0.1N. At the turning point, the volume of HCl spent on each of the tested replications was recorded. This volume of HCl that is directly related to the amount of CO 2 fixed by the KOH solution comes from respiration. The calculation of the respiratory activity was done based on the following equation:
where, B: blank test reading (mL); L: reading of HCl volume spent to neutralize KOH submitted to respiration (ml); C: correlation factor (3.52); MS: dry matter of the seeds (mg).
The results were expressed in mg of CO 2 per gram of dry seed (Crispim et al., 1994) .
Respiratory activity was determined by means of the Pettenkofer apparatus, which consists of four flushing flasks; two of them contain sodium hydroxide (NaOH) at 25% which is intended to retain CO 2 from medium air; one flask for storage of the seeds under study, free of CO 2 from medium air; and one containing barium hydroxide (Ba(OH) 2 ) at 25%, which reacts with CO 2 from the respiratory activity of the seeds, resulting in barium carbonate (BaCO 3 ). The flasks are interconnect by a silicone hose coupled to an air aspirating tube, whose flow is regulated by a valve, allowing the control of its speed by observing the bubbles formed in the flasks.
The seeds of the different lots were placed in the storage flask at 25 °C; after 2 h of exposure of seeds, two aliquots of the supernatant were removed for titration. In each aliquot were added two drops of phenolphthalein reagent and then titrated with 0.1N hydrochloric acid (HCl). The volume of HCl used up to the turning point is proportional to the amount of BaCO 3 present in the solution, which is also proportional to the amount of CO 2 originating from the respiratory activity of the seeds. The calculation of the respiratory activity was performed based on the following equation:
where, Lb: blank test reading (mL); La: sample reading (mL); h: waiting time in the apparatus (hours); g: seed mass used (mg).
The result was expressed as the amount of carbon dioxide released per gram of seed per hour (μg CO 2 g seed
The crude enzymatic extracts were obtained by the maceration of the seeds in the presence of PVP (polyvinylpyrrolidone) and liquid nitrogen in crucible, and later stored at -86 ºC. The electrophoretic run was performed in a discontinuous system of polyacrylamide gel at 7.5% (separator gel) and at 4.5% (concentrator gel). The gel/electrode system used was Tris-glycine (pH 8.9). It was put to the gel channel 50 μl of the sample supernatant and the run performed at 150 V for 5 h. At the end of the run, the gels were revealed for the enzymes alcohol dehydrogenase (ADH) and esterase (EST) (Alfenas, 2006) .
For the extraction of the endo-β-mannanase enzyme, 300 μL of extraction buffer (0.1 M Hepes/0.5 M NaCl and ascorbic acid (5 mg of ascorbic acid per mL of buffer), pH 8.0) was added to each micro tube with 100 mg of powder of each sample. In the next step, the samples were centrifuged for 30 min at 14000rpm and 2μl of the supernatant were put on gel containing 6 mL of LBG (Locust Bean Gum), 0.24 g of agarose and 24 mL of pH 5.0 buffer (1M Citric Acid/0.4M of Na 2 HPO 4 ·2H 2 O). The aliquots were applied in 2mm holes made in the gel with the aid of a punch. The gel was incubated for 21 h and revealed according to the methodology proposed by Silva et al. (2004) . Endo-β-mannanase enzyme activity was calculated according to Downie, Hillhorst, and Bewley (1994) .
The experimental design was completely randomized with four replications. The germination, vigor, and endo-β-mannanase enzyme data, previously submitted to the residue normality tests and the homoscedasticity of the variances, were submitted to variance analysis using the Sisvar® software (Ferreira, 2014) , and the means compared among them by Scott-Knott's test, at p < 0.05. It was done the correlation analysis of each vigor test with the Pettenkofer method and the Titration method, using the software Assistat-Version 7.5 Beta (Silva & Azevedo, 2002) .
Results and Discussion
The moisture content of the seeds from six lots of habanero pepper (Table 1) was similar for all lots, with no difference. This small variation in the moisture degree among the lots is important for the execution of tests to evaluate the quality of seeds, since uniformity is essential for the standardization of evaluations and obtaining consistent results (Marcos Filho, 2015) . The germination test allowed the habanero pepper lots to be grouped into two levels of vigor, with lots 01, 02, 03 and 04 being superior to the others and lot 06 with reduced quality (Table 2) . These results are consistent with those reported by Dutra et al. (2016) ; they observed that the behavior among lots of pepper was significantly different when evaluated by the germination test. Note. Means followed by the same letter in the column do not differ by the Scott-Knott test at p < 0.05.
By means of the tests of first germination count and GSI (Table 2) , it was possible to separate lots 04 as better quality and lot 06 as worse quality. The first germination count test is generally used as a vigor test because of its simplicity and for being conducted along with the germination test. The germination speed can be used to identify cultivars with seeds that present a faster emergence in the field or in the greenhouse, thus minimizing the adverse conditions that occur during germination and seedling establishment (Oliveira et al., 2015) .
Regard to the initial stand vigor, emergence and ESI tests, there was a low variation among habanero pepper lots, with lot 04 being superior and lot 06 being inferior than the others (Table 3) . Note. Means followed by the same letter in the column do not differ by the Scott-Knott test at p < 0.05.
It is worth mentioning that the propagation of pepper is made by seeds. However, there is a need to adopt the practice of transplanting seedlings, so the emergence, ESI and initial stand tests are fundamental to presume the seed performance in the seedlings establishment.
The behavior among lots of habanero pepper was not significantly different when evaluated by the electrical conductivity test (Table 4) . Generally, very low water contents, less than or equal to 10%, or very high, higher than or equal to 17%, influence the results of electrical conductivity, so, they should be adjusted to a water content range between 10% and 17%,before testing for obtaining comparable results (AOSA, 1983). Note. Means followed by the same letter in the column do not differ by the Scott-Knott test at p < 0.05.
By the respiratory activity measured by Pettenkofer physicochemical method (Table 4) , in which is evaluated the amount of CO 2 released by the respiration of the seeds per gram of seed per hour, it was possible to statistically separate all the seed lots in six levels of vigor. Similar behavior was found by Torres et al. (2016) and Dode et al. (2016) that, working with E. sativa and T. sativum, respectively, verified the efficiency of the Pettenkofer method in statistically separating lots at quality levels.
Lot 06 showed the lowest respiration by both the Pettenkofer method and the titulation method, with 14.33 μg CO 2 g seed -1 h -1 and 59.15 mg O 2 g seed -1 respectively, and was statistically inferior to the other lots, evidencing the low performance of this lot also in the other vigor tests (Table 4) .
By the respiration rate determined by the titulation method, which evaluates the amount of O 2 released by the respiration of the seeds, it was possible to statistically separate all lots at six levels of vigor, as observed for the Pettenkofer test.
It should be emphasized that the results found in the respiration tests presented the same tendency as in the other vigor tests used to express the performance of the physiological quality, as well as distinguished the lots of pepper seeds at different vigor levels. Likewise, through Pettenkofer method was verified the same behavior for both soybean and bean seeds (Martins et al., 2014) . In another study with soybean seeds, the titration method indicated compatible results with other tests to determine the physiological quality and proved to be feasible for use in evaluating the respiratory rate (Crispin et al., 1994) .
The activity and integrity of the mitochondria of viable embryos increase from the beginning of the imbibition, which makes the production of ATP more efficient, reflecting the increase of the oxygen consumption and consequent increase in the production of carbon dioxide (Bewley & Black, 1994) . Thus, the more vigorous lot tends to increase the respiration rate more than lots with less vigor, over the same period of time. We can still infer that the time of imbibition of the seeds (two hours) and the permanence in the Pettenkofer apparatus (two hours) was sufficient to allow the separation of the lots, taking into account their physiological quality identified through the reference tests used in this research.
Regarding to the endo-β-mannanase enzyme, it can be observed by the results that there are differences in the enzyme activity when determined in dry seeds and germinated seeds (Table 5) . Thus, when evaluated in seeds considered germinated, the activity of the enzyme is markedly higher than the activity in the dry seeds.
The endo-β-mannanase enzyme is an important germination-regulating mechanism being directly related to the softening process of the endosperm, which hydrolyzes the cell wall (González-Calle et al., 2015) . Note. Means followed by the same letter in the column do not differ by the Scott-Knott test at p < 0.05.
Analyzing the linear correlations (Table 6 ) among the tests used to evaluate the physiological quality of pepper seeds, there was a significant correlation between the results of the respiratory activity measured by the Pettenkofer method with germination (r) of 0.9793, the first emergence count with (r) of 0.8901 and, (r) of 0.9297 for GSI. The same was observed about the titration method with simple linear correlation with (r) of -0.8729 for the germination test, first emergence count and IVG with (r) of -0.9869 and -0.9433, respectively. Besides, the respiration tests were correlated with each other with (r) of -0.9393. This means that both tests confirmed the respiratory actitivity and the negative correlation can be because the titration method measured the quantity of O 2 (mg O 2 g seed -1
) and the Pettenkofer method the quatity of CO 2 (μg CO 2 g seed -1 h -1 ). Note. **Significant at 1%,*significant at 5% and ns not significant at 5%.
The results obtained were similar to those obtained by Santos et al. (2016) who verified significant correlations between the physiological quality of seeds of maize hybrids and the respiratory activity evaluated by the Pettenkofer and titration methods.
In wheat seeds, the results allowed to relate the quality standard tests of the seed lots with the respiratory activity measured in the Pettenkofer apparatus (Dode et al., 2016) . However, there were no significant correlations between respiration and vigor tests in watermelon seeds (Oliveira et al., 2015) .
The activity of the endo-β-mannanase enzyme was significantly correlated with germination, first germination count, IVG, initial stand, Titulation method and with the Pettenkofer method. The correlation between the Pettenkofer method and the enzyme activity was the highest observed, (r) of 0.9932 (Table 6) .
Thus, the determination of the activity of this enzyme in dry and germinated seeds allows the differentiation of seed lots with different levels of physiological quality. Vol. 11, No. 2; 2019 In this paper, it was characterized the importance of evaluating the respiratory activity of seeds in addition to the germination test and vigor tests, for the evaluation of the physiological quality of seeds, confirming that the Pettenkofer and Titration methods, to determine the respiratory rate, can be promising because they are simple, practical and inexpensive to differentiate seed lots.
Conclusion
The use of Pettenkofer and Titration methods for the determination of respiratory activity are efficient, fast and provide vigor differentiation of seed lots of habanero pepper.
